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DESCRIPTION 



MOTOR AND RECORDING MEDIUM DRIVE DEVICE 
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TECHNICAL FIELD 



The present invention relates to a motor that is 
provided with a fluid dynamic bearing for rotatably 
supporting a shaft body, by the dynamic pressure of a fluid 
filling a clearance between itself and a shaft body support 
10 part, and relates to a recording medium drive device 
provided with this motor. 



15 formed in a disc shape, at a predetermined rotational speed, 
is installed in a hard disc drive (referred to hereunder as 
HDD) mounted onto a terminal unit such as a fixed type 
personal computer, a notebook type portable personal 
computer, or the like (for example, refer to Japanese 

20 Patent No. 3184794) . 

As shown in FIG. 4, this motor is provided with a 
fluid dynamic bearing 71, which enables the recording 
medium to rotate freely. The fluid dynamic bearing 71 is 
provided with a cylindrical shaft body 73 whose cross 

25 section is approximately cruciform, a sleeve 75 having a 
shaft body insertion hole 75a whose cross section is 
approximately cruciform and which houses the shaft body 73 



BACKGROUND ART 



Heretofore, a motor for rotating a recording medium 
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such that it can rotate freely, and liquid 77 such as oil, 
filling the clearance between the shaft body insertion hole 
75a and the shaft body 73. 

Furthermore, cores and coils are provided on the outer 
5 peripheral surface of the sleeve. A rotor formed 

substantially cylindrically and with a base is installed on 
the top end of the shaft body, and a ring shaped permanent 
magnet is fixed on the inner peripheral surface of the 
cylindrical wall part of the rotor, facing the cores and 

10 the coils. The cylindrical wall part of the rotor forms a 
return yoke for constraining the direction of the magnetic 
flux entering and leaving the inner peripheral surface of 
the permanent magnet located on the opposite side to the 
outer peripheral surface facing the cores and the coils. 

15 However, in the conventional motor, since the cores 79 

and the coils 81 are located on the inner peripheral 
surface 85b side of a permanent magnet 85, it is not 
possible to reduce the diameter of a rotor 83 to which the 
permanent magnet 85 is fixed. Therefore, there is a 

20 problem in that there is a limitation to miniaturization of 
the motor. 



25 



DISCLOSURE OF THE INVENTION 
A motor of the present invention is provided with: a 
stator having cores and coils; and a rotor having a 



3 

permanent magnet arranged in a ring shape on the radial 
inner side of the stator, facing the cores and coils^ 
wherein the rotor is rotatably supported on the stator by 
means of a fluid dynamic bearing, and the fluid dynamic 
5 bearing is provided with: a shaft body fixed to the rotor; 
a shaft body support part, which has a closed end and is 
fixed to the stator, in which a shaft body insertion hole 
is formed for rotatably accommodating the shaft body; and a 
fluid which is filled into a clearance formed between the 

10 shaft body and the shaft body insertion hole, and the shaft 
body is provided with; a thrust shaft part formed in a 
flange shape in an axial central part, and a radial shaft 
part and a support part which are formed cylindrically on 
the opposite axial sides of the thrust shaft part, and the 

15 shaft body support part is provided with: a small diameter 
cylinder part which forms a closed end side of the shaft 
body insertion hole, and into which the radial shaft part 
is inserted such that it rotates freely; a large diameter 
cylinder part which forms an open end side of the shaft 

20 body insertion hole, and into which the thrust shaft part 
is inserted such that it rotates freely; and a counter 
plate which covers the open end of the shaft body insertion 
hole, and forms a capillary seal between itself and the 
support part, and there is provided a dynamic pressure 

25 generation unit comprising the fluid, and dynamic pressure 
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generating grooves formed in at least one of the outer 
faces of the thrust shaft part and the radial shaft part, 
and the. inner face of the shaft body insertion hole facing 
these outer faces. 
5 In the motor according to the invention, by an 

alternating field generated in the cores and the coils 
acting upon the permanent magnet, the rotor and the shaft 
body rotate with respect to the stator and the shaft body 
support part. At this time, the dynamic pressure 

10 generating grooves collect the fluid such as air, water, 
oil, or the like, into the clearance between the outer 
faces of the radial shaft part and the thrust shaft part, 
and the inner face of the shaft body insertion hole, and 
generate pressure, so that the shaft body support part 

15 supports the shaft body by the pressure, such that it can 
rotate freely. Accordingly, the dynamic pressure (radial 
dynamic pressure) generated in the clearance between the 
outer face of the radial shaft part and the inner face of 
the shaft body insertion hole functions as a bearing in the 

20 radial direction, and the dynamic pressure (thrust dynamic 
pressure) generated in the clearance between the outer face 
of the thrust shaft part and the inner face of the shaft 
body insertion hole functions as a bearing in the axial 
direction. 
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Furthermore, since the permanent magnet is provided on 
the radial inner side of the cores and the coils, the cores 
and the coils are not provided on the radial inner side of 
the rotor to which the permanent magnet is fixed, as in the 
5 conventional configuration. Accordingly, it is possible to 
reduce the diameter of the rotor. 

Moreover, in the motor, a ratio of the outer diameter 
of the thrust shaft part, to the outer diameter of the 
permanent magnet is approximately 1 to 2. 

10 In the motor according to this invention, the reason 

that the ratio of the outer diameter of the thrust shaft 
part, and the outer diameter of the permanent magnet is 
approximately 1 to 2 is to prevent the rotor from vibrating 
in the axial direction, and also to reduce the current 

15 consumption required to rotate the rotor. 

That is, if the outer diameter of the permanent magnet 
used for the motor is increased, and the volume of the 
permanent magnet is increased, the amount of magnetic flux 
entering and leaving the surface of the permanent magnet 

20 increases. As a result, the torque to rotate the rotor 

increases, and hence it is possible to reduce the current 
consumption required. However, in the case where the outer 
diameter of the permanent magnet is increased, the point of 
action of the torque moves outward in the radial direction. 

25 Therefore, the vibration of the rotor increases in 



4 < 

6 

proportion to the deviation in the perpendicularity of the 
rotor to the shaft body. Furthermore, conversely, in the 
case where the outer diameter of the permanent magnet is 
reduced, the torque to rotate the rotor decreases, and the 
5 current consumption required increases. However, it is 
possible to reduce the vibration of the rotor. 

On the other hand, in the case where the outer 
diameter of the thrust shaft part is increased, the thrust 
dynamic pressure increases, and the rigidity of the shaft 

10 body increases. Therefore, the vibration of the rotor can 
be controlled. However the resistance (thrust bearing 
loss) against rotation increases in proportion to the 
magnitude of the thrust dynamic pressure, and hence the 
current consumption required to rotate the motor increases. 

15 Furthermore, conversely, in the case where the outer 

diameter of the thrust shaft part is reduced, the rigidity 
of the shaft body decreases, and the vibration of the rotor 
increases. However, it is possible to reduce the current 
consumption required to rotate the motor. 

20 Moreover, the permanent magnet is only fixed on an 

axial direction surface of the rotor, and an inner 
peripheral surface of the permanent magnet located on an 
opposite side to an outer peripheral surface facing the 
cores and the coils is open. 
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In a motor according to the invention, since no return 
yoke for constraining the direction of the magnetic flux 
entering and leaving the inner peripheral surface of the 
permanent magnet is provided on the inner peripheral 
5 surface of the permanent magnet as in a conventional motor, 
redundant space is created on the inner peripheral surface 
side of the permanent magnet. In the case where the inner 
peripheral surface of the permanent magnet, and the outer 
face of the shaft body support part of the fluid dynamic 

10 bearing are positioned facing each other via the redundant 
space, it is possible to extend the thickness of the 
cylindrical wall part of the shaft body support part formed 
substantially cylindrically, outward in the radial 
direction, and close up the redundant space. As a result, 

15 it is possible to achieve an improvement in the strength of 
the shaft body support part formed substantially 
cylindrically, without increasing the diameter of the motor. 

Furthermore, a recording mediiam drive device according 
to the present invention is provided with the 

20 aforementioned motor, and the aforementioned rotor is 
provided with a fixing part for attaching a sheet type 
recording medium. 

In the recording medium drive device according to the 
invention, since the diameter of the rotor can be reduced, 

25 it is possible to achieve miniaturization of the recording 
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medium drive device. Moreover, since the diameter of the 
rotor can be reduced, in the case for example where the 
recording medium is a so-called disc type recording medium 
of a disc shape having a central hole in the center for 
5 fixing it to the fixing part of a rotor, it is possible to 
reduce the diameter of the central hole. Accordingly/ it 
is possible to increase the surface area of the recording 
medium, being the part in which a range of information is 
stored, and increase the recording capacity of the 
10 recording medium, without increasing the outer diameter of 
the recording medium. 



BRIEF DESCRIPTION OF THE INVENTION 
FIG. 1 is a cross sectional diagram showing a motor 
15 according to an embodiment of the invention. 

FIG. 2 is an enlarged cross sectional diagram showing 
a fluid dynamic bearing, in the motor of FIG. 1. 

FIG. 3 is a schematic plan view showing the locations 
of cores, coils, and a permanent magnet, in the motor of 
20 FIG. 1. 

FIG. 4 is a cross sectional diagram showing an example 
of a conventional motor. 



BEST MODE FOR CARRYING OUT THE INVENTION 
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FIG. 1 to FIG. 3 are diagrams showing an embodiment - > 
according to the present invention. A motor according to 
this embodiment is applicable to a recording medium drive 
device for rotating a disc-shaped recording medium such as 
5 a magnetic recording medixim, formed into a thin disc shape. 
As shown in FIG. 1, the motor 1 is provided with a stator 2, 
a rotor 3 that rotates around a central axis Al with 
respect to the stator 2, and a fluid dynamic bearing 4 that 
supports the rotor 3 such that it rotates freely with 

10 respect to the stator 2. 

The fluid dynamic bearing 4 is provided with a shaft 
body 5 formed in a cylindrical shape, whose cross section 
is approximately cruciform, a sleeve (shaft body support 
part) 7 having a shaft body insertion hole 7a, whose cross 

15 section is approximately cruciform for rotatably 

accommodating the shaft body 5, and lubricating oil (fluid) 
9 filling in the clearance between the shaft body insertion 
hole 7a and the shaft body 5. 

The shaft body 5, as shown in FIG. 2, is provided with 

20 a thrust shaft part 11 formed in a flange shape in the 

central axis Al direction central part, and a substantially 
cylindrical support part 13 and a radial shaft part 15, 
which protrude on the central axis Al direction opposite 
sides. The thrust shaft part 11, the support part 13, and 

25 the radial shaft part 15 are integrated. 
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A plurality of dynamic pressure generating grooves 17 
in a shape called a herring bone pattern is formed on the 
outer peripheral surface (outer surface) 15a of the radial 
shaft part 15. Furthermore, a plurality of dynamic, 
pressure generating grooves (not shown in the figure) with 
a spiral shape is formed on the front face (outer surface) 
11a and the rear surface (outer surface) lib of the thrust 
shaft part 11. 

The dynamic pressure generating grooves collect 
lubricating oil 9 and generate pressure when the shaft body 
5 is rotated around the central axis Al, and support the 
shaft body 5 by the sleeve 7 such that it can rotate freely 
That is, the dynamic pressure (radial dynamic pressure) of 
the lubricating oil 9 generated in the dynamic pressure 
generating grooves 17 in the radial shaft part 15 functions 
as a bearing in the radial direction of the shaft body 5, 
and the dynamic pressure (thrust dynamic pressure) of the 
lubricating oil 9 generated in the dynamic pressure 
generating grooves in the thrust shaft part 11 functions as 
a bearing in the central axis Al direction of the shaft 
body 5. The lubricating oil 9 and the dynamic pressure 
generating grooves constitute the dynamic pressure 
generation unit 20. 

The sleeve 7 comprises of a sleeve body 21 of a 
substantially cylindrical shape with a base, and a counter 
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plate 23 for covering an open end of the sleeve body 21 in 
a state in which the support part 13 of the shaft body 5 
protrudes with clearance between it and the shaft body 5. 
The sleeve body 21 is formed from austenitic stainless 
5 steel, which is a non-magnetic material, and comprises a 
small diameter cylinder part 25 and a large diameter 
cylinder part 27. 

The small diameter cylinder part 25 has a hole 2 6 that 
forms a closed end of the shaft body insertion hole 7a, and 
10 the radial shaft part 15 is inserted in this hole 26. When 
the shaft body 5 rotates, the lubricating oil 9 is 
collected in a clearance R3 between an inner peripheral 
surface (inner surface) 26a of the hole 26, and an outer 
peripheral surface 15a of the radial shaft part 15, and 
15 radial dynamic pressure is generated. 

The large diameter cylinder section 27 has an open 
hole 28 that forms the open end of the shaft body insertion 
hole 7a, and the thrust shaft part 11 is inserted in this 
open hole 28. 

20 The small diameter cylinder part 25 and the large 

diameter cylinder part 27 are integrated. 

The counter plate 23 is formed in a substantially disc 
shape, and has an open hole 24 formed in it for inserting 
the support part 13 in the central axis Al direction. The 

25 open hole 24 constitutes the shaft body insertion hole 7a 
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together with the hole 2 6 of the small diameter cylinder 
part 25, and the open hole 28 of the large diameter 
cylinder part 27. Furthermore, a capillary seal is applied 
between the counter plate 23 and the support part 13, and 
5 the lubricating oil 9 is prevented from leaking from the 
clearance between the shaft body 5 and the shaft body 
insertion hole 7a by the capillary seal. 

When the shaft body 5 rotates, the lubricating oil 9 
is collected into a clearance Rl between the front face 11a 

10 of the thrust shaft part 11 and the rear face (inner face) 
23a of the counter plate 23 facing the front face 11a, and 
a clearance R2 between the rear face lib of. the thrust 
shaft part 11 and the axial end face (inner face) 25a of 
the small diameter cylinder part 25 facing the rear face 

15 lib, and thrust dynamic pressure is generated. 

The stator 2, as shown in FIG. 1, is provided with a 
base member 31 formed substantially cylindrically and with 
a shallow base, a plurality of cores 33 fixed on the inner 
peripheral surface 31a of the base member 31, and coils 35 

20 wrapped around each of the cores 33. The base member 31 is 
formed from aluminum, being a non-magnetic material. 
Moreover, a hole 32a with the central axis Al as its center 
is formed in the center of a bottom wall part 32 of the 
base member 31, and the sleeve body 21 of the bearing part 

25 4 is fixed in the hole 32a. 
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Each of the cores 33 protrudes inward in the radial 
direction from the inner peripheral surface 31a of the base 
member 31, and as shown in FIG. 3, are each provided with 
an armature 37 on which to wind the coil 35, and a magnetic 
5 pole piece 39 formed at the tip located on the radial inner 
side of the armature 37. The magnetic pole piece 39 is 
formed wider than the armature 37 in the circTimf erential 
direction, and functions to make the magnetic flux 
distribution in the clearance between it and a permanent 
10 magnet 45, which is described later, close to a required 
form. The coils 35 are electrically connected to electric 
power, which is not shown in the drawing, and an 
alternating field can be formed by the cores 33 and the 
coils 35. 

15 As shown in FIG. 1, the rotor 3 is formed 

substantially cylindrically and with a base, and is formed 
from magnetic stainless steel. An open hole 41a with the 
central axis Al as its center is formed in the center of 
the bottom wall part 41 of the rotor 3, and is fixed to the 

20 support part 13 of the bearing part 4. A ring shaped front 
face 43a facing the central axis Al direction is formed at 
the tip end of a cylindrical wall part 43 protruding from 
the periphery of the bottom wall part 41 of the rotor 3. 
The rotor 3 is arranged such that its front face 43a faces 

25 the inner surface 32b of the bottom wall part 32 of the 
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base member 31. Furthermore, a permanent magnet 45 formed 
in a ring is fixed on the front face 43a of the cylindrical 
wall part 43 with an adhesive or the like. 

The permanent magnet 45, as shown in FIGS. 1 and 3, is 
5 a so-called radial non-isotropic or isotropic neodymiiim 
magnet in which a plurality of magnetic poles is arranged 
in a ring, and the magnetic flux direction of each of the 
magnetic poles substantially coincides with the radial 
direction of the permanent magnet 45. The permanent magnet 

10 45 is fixed only on the front surface 43a of the 

cylindrical wall part 43, and its inner peripheral surface 
45b is open. That is, on the inner peripheral surface 45b 
of the permanent magnet 45 located on the opposite side to 
the outer peripheral surface 45a facing the cores 33 and 

15 the coils 35, no return yoke for constraining the direction 
of the magnetic flux entering and leaving the inner 
peripheral surface 45b is provided, as it would be in a 
conventional motor • 

Therefore, redundant space for the return yoke is 

20 created on the inner peripheral surface 45b side of the 

permanent magnet 45. However, it is possible to extend the 
thickness of the cylindrical wall part of the sleeve 7 
facing the inner peripheral surface 45b of the permanent 
magnet 45 outward in the radial direction so as to close up 

25 the redundant space . 
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The ratio of the outer diameter of the permanent 
magnet 45 to the outer diameter of the thrust shaft part 11 
of the fluid dynamic bearing 4 is approximately 2 to 1 . 
Here, the reason that the ratio is approximately 1 to 2 is 
5 to prevent the rotor 3 from vibrating in the axial 

direction, and also to reduce the current consumption 
required to rotate the rotor 3. 

That is, if the outer diameter of the permanent magnet 
45 is increased, and the volume of the permanent magnet 45 

10 is increased, the amount of magnetic flux entering and 
leaving the outer peripheral surface a of the permanent 
magnet 45 increases.. As a result, the torque to rotate the 
rotor 3 increases, and hence it is possible to reduce the 
current consumption required. However, in the case where 

15 the outer diameter of the permanent magnet 4 5 is increased, 
the point of action of the torque moves outward in the 
radial direction. Therefore, the vibration of the rotor 3 
increases in proportion to the deviation in the 
perpendicularity of the rotor 3 to the shaft body 5. 

20 Furthermore, conversely, in the case where the outer 

diameter of the permanent magnet 45 is reduced, the torque 
to rotate the rotor 3 decreases, and the current 
consumption required increases. However, it is possible to 
reduce the vibration of the rotor 3. 
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On the other hand, in the case where the outer 
diameter of the thrust shaft part 11 is increased, the 
thrust dynamic pressure increases, and the rigidity of the 
shaft body 5 increases. Therefore, the vibration of the 
5 rotor 3 can be controlled. However the resistance (thrust 
bearing loss) against rotation increases in proportion to 
the magnitude of the thrust dynamic pressure, and hence the 
current consumption required to rotate the motor 1 
increases. Furthermore, conversely, in the case where the 

10 outer diameter of the thrust shaft part 11 is reduced, the 
rigidity of the shaft body decreases, and the vibration of 
the rotor 3 increases. However, it is possible to reduce 
the current consumption required to rotate the motor 1 . 
A step part (fixing part) 41b for supporting a disc 

15 type recording medium (recording medium) 50 is formed in 
the periphery of the bottom wall part 41 of the rotor 3. 
By fitting a central hole 50a formed in the center of the 
disc type recording medium 50 to the step part 41b, the 
disc type recording medium 50 can rotate around the central 

20 axis Al together with the rotor 3 and the shaft body 5. 

By means of the motor 1 provided with the rotor 3 
having the step part 41b, a recording medium drive device 
60 is formed. 

When rotating the disc type recording medium 50 by the 
25 recording medium drive device 60 constructed in this manner. 
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an alternating field is generated in the cores 33 and the 
coils 35, and the rotor 3 is rotated by the alternating 
field acting on the permanent magnet 45. At this time, the 
shaft body 5 rotates around the central axis Al, and the 
5 sleeve 7 supports the shaft body 5 and the rotor 3, such 
that they can rotate, by the radial dynamic pressure and 
the thrust dynamic pressure generated in the dynamic 
pressure generation unit 20. 

As described above, in the motor 1, since the 

10 permanent magnet 45 is located on the radial inner side of 
the cores 33 and the coils 35, the cores 33 and the coils 
35 are not provided on the radial inner side of the rotor 3 
as they would be in a conventional motor. Accordingly, it 
is possible to make the diameter of the rotor 3 smaller 

15 than in a conventional motor, thus enabling miniaturization 
of the motor 3. 

Furthermore, by making the ratio of the outer diameter 
of the thrust shaft part 11 to the outer diameter of the 
permanent magnet 45 approximately 1 to 2, it is possible to 

20 prevent the rotor 3 from vibrating in the axial direction, 
and it is also possible to reduce the current consumption 
required to rotate the rotor 3. 

Moreover, by closing up the redundant space for a 
return yoke by the cylindrical wall part of the sleeve 7, 

25 it is possible to achieve an improvement in the strength of 



the sleeve 1, without increasing the diameter of the motor 
1, and hence it is possible to improve the reliability of 
the motor 1 . 

Furthermore, in the case where the motor 1 is applied 
5 to a recording medium drive device 60 to rotate a disc type 
recording medium 50, since the outer diameter of the rotor 
3 can be reduced, it is possible to miniaturize the 
recording medium drive device 60. 

Moreover, since the diameter of the rotor 3 can be 
10 reduced, it is possible to make the central hole 50a of the 
disc type recording medium 50 small. Accordingly, without 
increasing the outer diameter of the disc type recording 
medium 50, it is possible to increase the area of the front 
face of the disc type recording mediiim 50, which is the 
15 region for recording, thus enabling its recording capacity 
to be increased. 

Furthermore, since it is possible to prevent the rotor 
from vibrating, when the disc type recording medium 50 is 
rotated, the disc type recording medium 50 rotates stably. 
20 Therefore, it is possible to avoid poor conditions when 
writing to the disc type recording medium 50, or when 
reading from the disc type recording medium 50. 

Moreover, the dynamic pressure generating grooves 
constituting the dynamic pressure generation unit 20 in the 
25 axial direction are formed on the front face 11a and the 
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rear face lib of the thrust shaft part 11. However, this 
is not limiting, and they may be formed on the rear face a 
of the counter plate 23 and the axial end face 25a of the 
small diameter cylinder part 25, facing the front face 11a 
5 and the rear face lib of the thrust shaft part 11 
respectively. 

Furthermore, the dynamic pressure generating grooves 
17 constituting part of the dynamic pressure generation 
unit 20 in the radial direction are formed on the outer 

10 peripheral surface 15a of the radial shaft part 15. 

However, this is not limiting, and they may be formed on 
the inner peripheral surface 2 6a of the small diameter 
cylinder part 25 facing the outer peripheral surface 15a of 
the radial shaft part 15. 

15 Moreover, lubricating oil 9 constituting the dynamic 

pressure generation unit 20 fills the clearance between the 
shaft body insertion hole 7a and the shaft body 5. However, 
this is not limiting, and the clearance may be filled with 
at least any fluid such as air, gas, or water. 

20 The embodiment of the present invention is described 

in detail with reference to the drawings as above. However, 
specific constructions are not limited to this embodiment, 
and any design changes and the like that do not depart from 
the gist of the present invention are included. 



25 
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INDUSTRIAL APPLICABILITY 
As described above, using the present invention, it is 
possible to reduce the diameter of the rotor by locating 
the permanent magnet on the radial inner side of the cores 
5 and coils. Therefore it is possible to achieve 
miniaturization of the motor. 

Furthermore, by making the ratio of the outer diameter 
of the thrust shaft part to the outer diameter of the 
permanent magnet approximately 1 to 2, it is possible to 
10 prevent the rotor from vibrating in the axial direction, 
and also it is possible to reduce the current consumption 
required to rotate the rotor. 

Moreover, in the case where redundant space for the 
return yoke is closed up by the cylindrical wall part of 
15 the shaft body support part, it is possible to achieve an 
improvement in the strength of the shaft body support part, 
and hence it is possible to improve the reliability of the 
motor . 

Furthermore, in the case where this motor is installed 
20 in a recording medium drive device, it is possible to 

miniaturize the recording medium drive device. Moreover, 
in the case where the recording medium is a so-called disc 
type recording medium, it is possible to increase the 
surface area of the recording medium, thus enabling the 
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recording capacity to be increased, without increasing the 
outer diameter. 



